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 were obtained 
 

The mineral elements and heavy metals contents were detected on digestate, in 
order to consider its further utilization as fertilizer in the field. Samples of digestate were 
oven-dried (105  h) and digested in 10 mL of 65% (v/v) HNO3 in Teflon 
cylinders for 10 min at 175 digestion, samples 
were diluted to 20 mL with milliQ water, filtered through 0.45 
1:10 prior analysis with an ICP-OES (Vista MPX, Varian Inc.). The accuracy of the 
analytical procedure was checked running standards every 20 samples and quality 
control was conducted using Y (Yttrium) as the internal standard, reagent blank samples, 
and triplicates reading for each sample (USEPA, 2007). The main elements detected 
were: nitrogen (N), aluminium (Al), calcium (Ca), cadmium (Cd), chromium (Cr), cobalt 
(Co), copper (Cu), iron (Fe), potassium (K), magnesium (Mg), sodium (Na), manganese 
(Mn), nickel (Ni), phosphorus (P), lead (Pb) and zinc (Zn). 
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Statistical analysis 
All data were subjected to two-way analysis of variance (ANOVA). A fixed-model 

was adopted, with species and harvest times as independent variables. When ANOVA 
revealed significant differences between means, Student Newman Keuls test at P  0.05 
was adopted to separate means. statistical 
analysis of significance has been performed. Means values of energy yield and digestate 

 1 SE. 
 

RESULTS AND DISCUSSIONS 
 

ANOVA results and biomass yield 
 

Table 1. Main soil characteristics (0 0.5 m layer) 

 
The growing season 2014 (April-December) was characterized by an average 

minimum and maximum daily air temperature of 11.4 and 21.9 respectively; 
maximum air temperature never peaked above 30 
1,346 mm. The climatic conditions (Fig. 1) were quite similar to these recorded in the 
last 30 years, with the exception of a significant warmer fall-winter period (October-
December, +2.0 -
June period, -50 mm of rainfall) (ARPA FVG OSMER, 2016). 

 

Parameter Unit Value Method adopted 
Sand (> 0.05 < 2 mm) % 43 Ministero per le Politiche Agricole (1999) 
Loam (> 0.002 < 0.05 mm) % 40 Ministero per le Politiche Agricole (1999) 
Clay (< 0.002 mm) % 17 Ministero per le Politiche Agricole (1999) 
pH - 7.35 In water solution; 

Ministero per le Politiche Agricole (1999) 
Total calcareous % 5.5 Gas-volumetric; 

Ministero per le Politiche Agricole (1999) 
Active calcium carbonate % 0.2 Drouienau; 

Ministero per le Politiche Agricole (1999) 
Organic matter % 1.8 Walkley and Black; 

Ministero per le Politiche Agricole (1999) 
Total nitrogen g kg-1 1.85 Kjeldahl; 

Ministero per le Politiche Agricole (1999) 
C/N - 10 - 
Phosphorus available mg kg-1 34 Ferrari; 

(AOAC, 1990) 
Potassium available mg kg-1 164 Dirks and Scheffer; 

(AOAC, 1990) 
Cationic exchange capacity Meq 100 g-1 18.2 Barium chloride; 

Ministero per le Politiche Agricole (1999) 
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Figure 1. Monthly rainfall and average daily maximum and minimum air temperature patterns in 
the 2014 as compared to the long-term (20 years) average. 
 
In Tables 2 and 3 are reported the ANOVA results of different traits. 

 
Table 2. ANOVA results, biomass yield and qualitative traits of fresh biomass 

Factors 
biomass 
yield 

dry  
matter 

starch sc hem cell lign prot 

Harvest time ** ** ** ** ** * * ** 
Species ** ** ** ** n.s. * n.s * 
Harvest time x 
species 

** ** ** ** ** n.s. n.s n.s. 

*, **  0.05 and 0.01, respectively; sc  soluble carbohydrates; hem  hemicellulose; cell  cellulose; 
lig  lignin; prot  crude protein. 

 
Table 3. ANOVA results, qualitative traits of silage 

Factors starch sc hem cell lign prot lac ac pr but an 
Harvest 
time 

** ** n.s. n.s. * ** ** ** ** ** ** 

Species n.s. n.s. n.s. n.s. n.s. n.s. n.s. ** ** ** ** 
Harvest 
time x 
species 

* * n.s. n.s. n.s. n.s. ** ** ** ** ** 

*, **  0.05 and 0.01, respectively; lac  lactic acid; ac  acetic acid; pr  propionic acid; but  butyric 
+ isobutyric acid; an  ammonia nitrogen. 
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A significant increase in biomass yield was registered between summer and fall 
harvest for both crops (increase of 21.5 and 33.5% for giant reed and miscanthus, 
respectively), due essentially to the increase in stem height and leaves number (data not 
shown), with a negligible leaf loss (Fig. 2). 
 

 
 

Figure 2. Partitioning of above biomass yield and lost production from fallen leaves on the field 
of giant reed and miscanthus at three harvest times (summer, fall and winter). For total above 
biomass yield, different letters indicate statistically different means (SNK test; P  0.05). 

 
The results obtained in the experiments, (Fig. 2), evidenced that the highest above 

dry biomass was obtained at fall harvest for miscanthus (25.4 Mg ha-1) and at fall and 
winter harvest (23.3 and 24.0 Mg ha-1, respectively) for giant reed. These results are in 
agreement with several experiments, showing that the highest productions are in autumn 

especially for miscanthus, which evidenced a significant decrease of biomass yield from 
fall to winter harvest, essentially due to the leaves loss, with an average of 7.2 leaves 
losses per plant, corresponding to about 2.31 Mg ha-1 of dry matter, confirming other 
results (Ragaglini, et al., 2014). 

Both the perennial crops evidenced a very good potential in terms of biomass yield 
per hectare. The miscanthus biomass yield recorded in this study is in agreement with 
(Lewandoski et al., 2003), who showed that potential production of miscanthus can reach 
up to 25 Mg ha-1 in central Europe, without irrigation and with data obtained by 
(Giovanardi et al., 2009) in the same environment. Similarly, giant reed biomass yield 
obtained, is in agreement with the performances of the crop in Europe (Lewandoski et 
al., 2003) and comparable to a recent experiment in central Italy (26.3 Mg ha-1), but 
where was applied annual nitrogen fertilization (Barbanti et al., 2014). 

 
Chemical characteristics 
Although ensilage and anaerobic digestion are particularly suitable for high 

moisture content biomass, a low dry matter content (31.4 and 34.2% for giant reed and 
miscanthus, respectively, at summer harvesting), associated to a very low content of 
soluble sugars, could affect the ensilage process, causing risk of nutrients leakage, 
biomass losses and mould formation (Barontini et al., 2014). Biomass moisture content 
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changed very differently from fall to winter harvest: in giant reed remained about stable 
( 50%), whilst miscanthus reduced its moisture during wintertime from 53.5% to 41.8% 
(data not shown), with a similar trend obtained by Monti et al. (2015). This level of dry 
matter, prevented a suitable silage compression to exclude air and packing; therefore, a 
determinate water amount was added to increase the moisture level (till to 57% for both 
crops) before ensilage. 

Crude protein (CP) was highest at summer harvest (54.7 and 40.1 g kg-1 TS) and 
lowest at winter harvest (28.7 and 20.6 g kg-1 TS) in giant reed and miscanthus biomass, 
respectively. Values and trend for silages were similar, with the exception of the winter 
harvest, in which proteins content resulted significantly decreased in both crops (data 
not shown). 

The C/N ratio of the biomass and silage reflected the relative N variation, since the 
C contents were substantially very similar for all species and harvest times (data not 
shown). Consequently, the ratio increased in correspondence to fall harvest, with values 
around 100, in biomass and silages confirming results obtained by other experiments on 
giant reed (Ragaglini et al., 2014; Liu et al., 2015); on the contrary, the values of both 
crops reach values around 200 in the silages at winter harvest. 

Both perennial species, despite the very limited level of starch accumulation, 
showed a significant increase from summer to fall harvest time and a significant decrease 
from fall and winter harvest (Fig. 3). The highest starch amount was obtained at fall 
harvest for giant reed, (50.3 g kg-1 TS), on the contrary the lowest at winter harvest for 
miscanthus (4.1 g kg-1 TS). 

 

 
 

Figure 3. Starch content in fresh and post-ensilage biomass of giant reed and miscanthus at three 
harvest times (summer, fall and winter). Different letters, lowercase and capital letters for 
biomass and silage, respectively, indicate statistically different means (SNK test; P  0.05). 

 
Giant reed exhibited the lowest and highest SC biomass content at summer and fall 

harvest respectively (39.4 and 80.3 g kg-1 TS) and an intermediate value at winter 
harvest (55.3 g kg-1 TS). As temperate C3 grass, the main reserve carbohydrates are 
fructans (Pollock & Cairns, 1991) which are stored temporary in the stalk at the 
beginning of flowering (stage corresponding to fall harvest in our experiment), before 
uploading to the storage organs (as tubers or important rhizomes as in giant reed) at 
complete maturity (Maijer & Mathijssen, 1991). Conversely, miscanthus coming from 
another area of origin, with a different physiological functionality (C4 plant) and with 
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less important rhizomes with respect to giant reed, showed a SC content that increased 
at fall harvest (56.1 g kg-1 TS), remaining unchanged at winter harvest (56.5 g kg-1 TS) 
(Fig. 4). 

Silages of both species showed a significant reduction (from 75 to 90%) in SC with 
respect to biomass content, especially in fall and winter harvest; in this last harvest the 
SC content showed very low values almost negligible in both species. (Fig. 4). 

 

 
 

Figure 4. Water soluble carbohydrates (WSC) content in fresh and post-ensilage biomass of giant 
reed and miscanthus at three harvest times (summer, fall and winter). Different letters, lowercase 
and capital letters for biomass and silage respectively, indicate statistically different means  
(SNK test; P  0.05). 

 
Fiber components 
According to ANOVA (Table 2), biomass composition clearly changed with 

harvesting time. Both crops showed a significant increase in lignin and cellulose content 
in biomass and a decrease in hemicellulose concentration in correspondence of winter 
harvest time, especially evident in miscanthus mainly due to a significant leaf loss when 
harvested in winter, confirming the results obtained by others authors (Hodgson et al., 
2010; Hayes, 2013) (Table 2, Fig. 5). The increase of lignin, a widely recognized 
physical constrain for enzymatic hydrolysis (Pan et al., 2005), at winter harvest, could 
negatively affect the feedstock quality for anaerobic digestion for bio-methane 
production. This is confirmed by the substantial uniformity in fiber composition in 
silage, indicating a very limited hydrolytic activity of both crops during the ensilage 
process (Fig. 5). Conversely, maize seems to have a wide range of complex hydrolytic 
activities able to transform a part of hemicellulose in soluble sugars during ensilage 
(Dewar et al., 1963; Shepherd & Kung, 1996), confirming that hemicellulose is sensitive 
to low pH and partially hydrolysable under acidic conditions (Morrison, 1979; Jones et 
al., 1992; Rooke & Hatfield, 2003). 
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Figure 5. Fiber component in fresh and post-ensilage biomass of giant reed and miscanthus at 
three harvest times (summer, fall and winter). For hemicellulose in fresh biomass, different letters 
indicate statistically different means (SNK test; P  0.05). 

 
Silages fermentation quality 
The highest levels of lactic acid were detected at fall harvest in giant reed and 

miscanthus (54.2 and 46.7 g kg-1 TS, respectively), conversely the same acid practically 
disappeared in both crops silages obtained with winter harvest (Fig. 6). On the contrary, 
the acetic acid levels resulted very high in correspondence of winter harvest, in particular 
in miscanthus with a concentration (28.3 g kg-1 TS) above the 20 g kg-1 TS, considered 
a maximum threshold of a silage fermented adequately (Ferreira, 2001) (Fig. 6). Butyric 
acid content, that in silages with proper fermentation must show values lower than 
1 g kg-1 TS (Ferreira, 2001), in miscanthus ever resulted at very high concentration with 
values between 7.3 and 8.9 g kg-1 TS, and in winter harvest the same acid resulted 
increased significantly also in giant reed (8.4 g kg-1 TS). 

 

 
Figure 6. Volatile fatty acids (VFA) content in silage of giant reed and miscanthus at three 
harvest times (summer, fall and winter). For each VFA, different letters indicate statistically 
different means (SNK test; P  
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The production of ammonia nitrogen (NH3-N) in silages of good quality has to be 
lower than 100 gN kg-1 of the total nitrogen (Ferreira, 2001) and values very close to the 
above limit were found in both crop silages harvested in fall. Conversely, the same 
ammonia nitrogen increased significantly in silages with summer harvest and especially 
with winter harvest, with values of 626.8 and 781.6 g N kg-1 in giant reed and 
miscanthus, respectively (Fig. 7). Probably the miscanthus ensilages in the winter 
harvest was negatively affected by the very high dry matter content (581.7 g kg-1) which 
determined also the highest silage pH value (5.9) of the trial (data not shown). On the 
contrary, both silages crops harvested at fall, reached final values of pH below 4, creating 
favorable conditions for development of lactic acid bacteria responsible for a successful 
ensilage process. 

 

 
 

Figure 7. Ammonia nitrogen (N-NH3) content in silage of giant reed and miscanthus at three 
harvest times (summer, fall and winter). Different letters indicate statistically different means 
(SNK test; P  
 

Methane production (BMP and yield per hectare)  
BMP tests were considered concluded when the cumulative biogas curve was 

addressed toward the plateau phase, precisely when daily methane production rate 
lowered below than 1.0 NmL CH4 g-1 VS day-1. This happened after 36 days of digestion 
for all the comparative thesis and cumulative methane productions (BMP) were 
calculated at that moment. 

Giant reed showed the highest BMP when harvested at the fall harvest (169.7 NmL 
CH4 g-1 VS), conversely miscanthus at the first cut (171.4 NmL CH4 g-1 VS), and both 
results were significantly higher than those obtained from the other harvesting periods 
(Table 4). The significantly lower BMPs were found at the winter harvest, both for giant 
reed and miscanthus (116.6 and 113.6 mL CH4 g-1 VS, respectively). 

The effect on BMP of different harvesting period is largely discussed in literature. 
Giant reed harvested in five different periods in Mediterranean climate and submitted 
directly to anaerobic tests showed a BMP decrease from 332.9 to 258.3 NmL CH4 g-1 VS 
from June to September harvest time (Ragaglini et al., 2014). Giant reed harvested in 
October period showed a BMP of 150.8 NmL CH4 g-1 VS. 
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Table 4. Biochemical methane potential (BMP), methane and energy yield of perennial crops 
Standard Error 

G = giant reed; M = miscanthus. 
 
Yang & Li (2014) found BMPs from giant reed similar to those obtained in this 

study (130 150 mL CH4 g-1 VS), however operating with fresh plants and adopting a 
I:S ratio (1:2) different to that adopted in this study (2:1). 

Miscanthus harvested after the winter showed BMP as low as 84 NmL CH4 g-1 VS 
(Menardo et al., 2012); conversely BMP obtained by miscanthus harvested before the 
winter and ensiled, showed values higher than 200 NmL CH4 g-1 VS (Mayer et al., 2014), 
still slightly higher than that measured in this study (171.4 NmL CH4 g-1 VS). Even 
higher values of BMP (345 374 mL CH4 g-1 VS) can be reached when miscanthus is 
pre-treated before the anaerobic digestion with steam-explosion, as confirmed by 
(Menardo et al., 2012). 

It is conceivable that the BMP decline with harvesting season (from summer to fall-
winter) was determined by an higher content in slowly digestible or un-digestible fibre 
(lignin, in particular) and by major problems that could have occurred during the silage, 
especially in relation to changes in VFA composition. High concentration of propionic 
and butyric acid could have an effect in reducing methane potential of giant reed and 
miscanthus. As the characteristics of the ensiled substrates are concerned, the highest 
concentration of propionic acid was found in winter harvest, amounting to 1.8 2.3 g kg-1, 
respectively for giant reed and miscanthus. Moreover, in this study at the same winter 
harvest time, butyric acid in ensiled substrates was considerably higher than propionic, 
resulting 8.4 and 7.3 mg kg-1. These values could have contribute to reach in the system 
values at which the activity of acidogenic bacteria is repressed, resulting in VFA 
accumulation, methanogenic bacteria repression and, consequently,  methane production 
reduction, until a complete cessation (Wang et al., 2009). 

The accumulation of longer chain acids (mainly propionic and butyric acids) within 
the system could be related to a low I:S ratio of VS. The acetate produced in first steps 
of the digestion at lower I:S ratio could inhibit methanogens activity and consequently 
an increase of I:S ratio could improve the ultimate methane yield of substrate (Raposo 
et al., 2011; Dechrugsa et al., 2013). 

The combination between biomass production per hectare and BMPs lead to the 
highest methane productions and energy yield at the second harvest (fall), both for giant 
reed and miscanthus (3795.8 3959.9 m3 CH4 ha-1, respectively). It is noticeable to 
observe that the highest methane production was reached by miscanthus at the fall 
harvest, despite the BMP lower than giant reed, confirming the relevance of biomass 
 
 

Harvest  
time 

Crop BMP (mL CH4 g-1 VS) Bio-methane yield (m3 CH4 ha-1) 

Summer G  263.1 
M   

Fall G   
M   

Winter G   
M   
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yield; several authors (Amon et al., 2007; Kreuger et al., 2011; Ragaglini et al., 2014) 
previously described similar results. Moreover, very similar results were obtained for 
miscanthus to that observed by Wahid et al. (2015), who concluded that the optimal 
harvesting period for miscanthus was between September-October (3,824 m3 CH4 ha-1), 
corresponding to the fall harvest time of this study. Conversely, methane yields per 
hectare obtained by giant reed were slightly lower than those reported by other authors, 
who, however, used fresh or dried plants (Ragaglini et al., 2014; Yang & Li, 2014) or 
chemical-thermal pre-treated plants (Girolamo et al., 2013). However, the methane 
production per hectare obtained from giant reed and miscanthus, although of some 
interest, was about 70%, as mean, that of maize, as reported by Baldini et al. (2017) in a 
similar experiment carried out in the same location. 

 
Digestate characterization for agricultural use 
Digested effluents from lab-scale batch tests, in consequence of the higher I:S rate 

adopted, could have very similar characteristics to effluents produced during the starting 
phase of a real scale digester, when substrates are loaded with a low organic loading rate, 
and a characterization of such effluents could be useful for assessing possible critical 
factors for their use in agriculture. 

Digestate obtained from giant reed had a lower TS content than that obtained from 
miscanthus, respectively ranging from 54.0 to 49.3 g kg-1 and 62.9 to 56.8 g kg-1 
(Table 5). TS content was slightly higher in summer harvest than in other harvesting 
periods, both for giant reed and miscanthus (Table 5). An opposite tendency was 
observed for VS content of digestate, which was highest at summer harvest  
(780 g kg-1 TS), and the lowest at winter harvest (630 g kg-1 TS) in giant reed. 

 
Table 5. Some parameters and heavy metals content of digestate of giant reed and miscanthus 
harvested at three different times (summer, fall, winter) 

 
The total N content of digestate was between 20.6 g kg-1 TS (miscanthus at summer 

harvest) and 30.9 g kg-1 TS (giant reed at winter harvest) (Table 5); in each harvesting 
time, giant reed digestate had an higher N content than miscanthus, with a general slight 
N increase from spring to winter harvesting. C/N ratio varied between 12.6 and 16.9 (for 
giant reed at summer and miscanthus at winter harvest, respectively), with a general 
trend lower in giant reed than in miscanthus digestate, due to the higher fiber content of 
this latter species, also. C/N ratio during anaerobic digestion is expected to decrease, due 
to the C volatilization as CO2 and CH4, and the final C/N ratio of digestate normally is 

Traits Unit 
Giant 
summer 

Misc. 
summer 

Giant 
fall 

Misc. 
fall 

Giant 
winter 

Misc. 
winter 

TS g kg-1 54.0 62.9 51.4 60.3 49.3 56.8 
VS g kg-1 TS 780.0 734.0 779.0 768.0 630.0 653.0 
N g kg-1 TS 21.4 20.6 28.4 25.4 30.9 22.6 
C/N - 16.0 16.0 12.6 15.2 13.1 16.9 
Zn mg kg-1 TS 664.3 546.7 752.0 704.9 886.7 607.4 
Cu mg kg-1 TS 194.6 171.3 222.4 235.5 356.2 223.5 
Cr mg kg-1 TS 22.5 19.5 24.5 25.0 30.7 22.7 
Ni mg kg-1 TS 16.8 13.6 16.1 16.2 22.6 17.4 
Pb mg kg-1 TS 1.9 1.7 1.6 2.4 3.8 1.9 
Cd mg kg-1 TS 0.8 0.6 0.9 0.8 1.0 0.7 
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stabilized on values lower than 20 (Li et al., 2011; Zeshan et al., 2012), confirming our 
results. 

Digestate consisted of crops and inoculum as feedstock contained different amounts 
of microelements and heavy metals, which are important elements for the plants but also 
potentially dangerous for the soil (Moller & Muller, 2012). The most represented 
elements in digestate were Zn, Cu, Cr, Ni, Pb and Cd (Table 5), the firsts (Zn and Cu) 
contained as hundreds, the seconds (Cr and Ni) as dozens and the lasts (Pb and Cd) 
contained from 0.6 to 3.8 mg kg-1 TS.

As nitrogen contained in digestate is concerned, a number of different approaches 
are adopted in EU member states for the calculation of 170 kg ha-1 year-1 limit and for 
the efficiency values adopted for land application of digestate as fertilizer. In this study, 
accounting the whole N of digestate to comply with the maximum limit of nitrogen 
allowable in nitrate vulnerable zones (170 kg ha-1 year-1), the highest distributable 
volume of digestate was ranging between 111.0 m3 ha-1 year-1 (miscanthus at fall 
harvest) and 147.1 m3 ha-1 year-1 (giant reed at summer harvest) (Table 6). Thus, in 
relation of the digestate distributable volumes, the maximum annual input of heavy 
metals in soil was calculated (Table 6). 

 
Table 6. Digestate volume and amount of heavy metals distributable in the soil, utilizing 
digestate after AD of giant reed and miscanthus silage, harvested at three different harvest times 
(summer, fall, winter) 

 
Many European Countries, indeed, have specific rules and limits for heavy metals 

in digestate used as fertilizer (Al Saedi et al., 2013). Conversely, the only legal limits in 
force in Italy are those stated in the Legislative Decree (D.Lgs. 99/92), which accomplish 
to the European Directive on the use of sewage sludge in agriculture (86/278/EEC). 
From Table 7, it is possible to compare the heavy metals concentration calculated by this 
study to heavy metal limits of Italy and some European Countries. It was evident that 
heavy metals content were largely below the limits and the only cases of threshold 
overcoming was for Cu and Zn, if the most compelling rules of some Northern European 
Countries are considered (the Netherlands, Sweden and United Kingdom). The same Cu 
and Zn contents would have overcome the Austria limits, which are calculated in term 
of heavy metals distributed over a 2 years period; in this last case, the limit overcoming 
was calculated also for Cd. 

 

Traits Unit 
Giant 
summer 

Misc. 
summer 

Giant 
fall 

Misc. 
fall 

Giant 
winter 

Misc. 
winter 

Volume m3 ha-1 147.1 131.2 116.5 111.0 111.6 132.4 
Zn kg ha-1 5.28 4.51 4.50 4.72 4.88 4.57 
Cu kg ha-1 1.55 1.41 1.33 1.58 1.96 1.68 
Cr kg ha-1 0.18 0.16 0.15 0.17 0.17 0.17 
Ni kg ha-1 0.13 0.11 0.09 0.11 0.12 0.13 
Pb kg ha-1 0.015 0.014 0.010 0.016 0.020 0.014 
Cd kg ha-1 0.006 0.005 0.005 0.005 0.006 0.005 
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Table 7. Several countries limits for heavy metals in digestate used as fertilizer 

a  values referred to the use of sewage sludge in agriculture (D.Lgs. 99/92). 
 

CONCLUSIONS 
 

Both giant reed and miscanthus have demonstrated an excellent biomass 
aboveground potential in the environment under study despite the low-input cultivation 
technique adopted, with respect to maize. In particular, autumnal harvesting seems to be 
the most appropriate as it combines the highest biomass, bio-methane and energy yield, 
also allowing a good performance of the silage process, which takes place naturally, 
without the need for additives, providing a good quality silage. 

The low attained BMP showed the bottlenecks of the methanisation of ensiled 
giant-reed and miscanthus with respect to maize, mainly due a general recalcitrance of 
lignocellulosic biomass. In this case, a feasible solution could be a suitable biomass pre-
treatment able to weaken the lignocellulosic bonds, to increase the amount of water-
soluble carbohydrates and consequently to enhance methane production. 

The digestate obtained in this experiment, comparable to that of starting phases of 
a real scale digester, exceeded the legal limits allowed of Cu, Zn and Cd content if the 
rules of some countries (i.e. The Netherland, United Kingdom and Austria) are 
considered. Therefore, in countries like Italy, which have not yet specific rules, it should 
be a good practice to establish precise limits to heavy metals  besides to N  for 
calculating the maximum amount of digestate disposable in the vulnerable areas. 
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